Halobellus inordinatus sp. nov., from a marine solar saltern and an inland salt lake of China Two halophilic archaeal strains, YC20 T and XD15, were isolated from a marine solar saltern and an inland salt lake in China. Both had pleomorphic cells that lysed in distilled water, stained Gram-negative and formed red-pigmented colonies. They were neutrophilic, requiring at least 100 g NaCl l "1 and 0.5-95 g MgCl 2 l "1 for growth at the optimum growth temperature of 37 6C.
98.2 % and these sequences showed 89.6-92.8 % similarity to those of the most closely related members of the genus Halobellus. The DNA G+C contents of strains YC20
T and XD15 were 65.8 mol% and 65.4 mol%, respectively. The DNA-DNA hybridization value between strain YC20 T and strain XD15 was 92 %, and the two strains showed low DNA-DNA relatedness to members of the genus Halobellus. The phenotypic, chemotaxonomic and phylogenetic properties suggest that strains YC20 T and XD15 represent a novel species of the genus Halobellus, for which the name Halobellus inordinatus sp. nov. is proposed. The type strain is YC20 T (5CGMCC 1.12120 T 5JCM 18361 T ) and the other strain is XD15 (5CGMCC 1.122365JCM
18648).
There are more than 1000 inland salt lakes and about 100 marine solar salterns in China (Cui et al., 2010a; Zheng et al., 1993) . These hypersaline environments harbour diverse halophilic archaea, such as the members of the genera Natronorubrum (Xu et al., 1999) , Natronolimnobius (Itoh et al., 2005) , Halovivax (Castillo et al., 2006a) , Halostagnicola (Castillo et al., 2006b) , Halopiger (Gutiérrez et al., 2007) , Halogranum, 'Halorussus', Halopelagius (Cui et al., 2010a, b, c) , Halolamina, 'Salinarchaeum', Halobellus, Halorientalis (Cui et al., 2011a, b, c) , Halohasta (Mou et al., 2012) , 'Halorubellus' (Cui et al., 2012a) and others. The halophilic archaeal diversities of these hypersaline environments are greater than has been previously recognized. During our surveys on halophilic archaeal diversity of these hypersaline environments, two haloarchaeal strains, YC20
T and XD15, were recovered. The 16S rRNA gene sequences of the two strains were 99.5 % identical and showed 94.0-95.9 % similarity to the most closely related members of the genus Halobellus of the family Halobacteriaceae.
The genus Halobellus was proposed to accommodate the species Halobellus clavatus described on the basis of two strains, TNN18 T and TBN12, which were isolated from two artificial marine solar salterns in Eastern China (Cui et al., 2011b) . Halobellus limi TBN53
T , isolated from a Chinese marine solar saltern, and Halobellus salinus CSW2.24.4 T , isolated from an Australian marine solar saltern, have been subsequently described (Cui et al., 2012b) . In this report, we describe two halophilic archaeal strains related to the members of the genus Halobellus, YC20
T and XD15. The name Halobellus inordinatus sp. nov. is proposed to accommodate these strains.
Strain YC20
T was isolated from the brine sample taken from Yuncheng salt lake at Yuncheng, Shanxi Province, China (35 u 009 140 N 111 u 009 190 E; elevation 323 m above sea level) and stored at 4 u C during transport to the laboratory in 2010. The pH of the brine was 7.9 and the salinity was 235.6 g l
21
. Strain XD15 was isolated from a surface brine sample taken from Xidi marine solar saltern, at Xiamen, Fujian Province, China (24 u 339 510 N 118 u 189 210 E; elevation, sea level) and stored at 4 u C during transport to the laboratory in 2010. The pH of the brine was 7.3 and the salinity 289.1 g l
.
Neutral oligotrophic haloarchaeal medium (NOM) was used for the isolation procedure and contained the following ingredients (g l T were selected as reference strains in phenotypic tests. Gram staining was performed following the method outlined by Dussault (1955) . Cell morphology and motility in exponentially growing liquid cultures were examined using a Nikon microscope equipped with phase-contrast optics (model: E400). The minimum salt concentration preventing cell lysis was determined by suspending washed cells in serial sterile saline solutions containing NaCl ranging from 0 to 150 g l 21 and the stability of the cells was detected by light microscopic examination. Growth and gas formation with nitrate as an electron acceptor were tested in 9 ml stoppered tubes (with Durham tubes) completely filled with liquid NOM medium and to which NaNO 3 (5 g l 21 ) had been added. The formation of gas from nitrate was detected by the presence of gas bubbles in Durham tubes, and the formation of nitrite was monitored colorimetrically. Anaerobic growth in the presence of L-arginine or DMSO (5 g l
) was tested in completely filled 9 ml stoppered tubes. Starch hydrolysis was determined on NOM agar plates supplemented with 2 g soluble starch l 21 and detected by flooding the plates with Lugol's iodine solution. Gelatin hydrolysis was performed by growing colonies on NOM agar plates amended with 5 g gelatin l
and detected by flooding the plates with Frazier's reagent (McDade & Weaver 1959) . Esterase activity was measured as outlined by Gutiérrez & González (1972) . Tests for catalase and oxidase activities were performed as described by Gonzalez et al. (1978) . Production of H 2 S was tested by growing the isolates and reference strains in tubes containing NOM liquid medium supplemented with 5 g sodium thiosulfate l 21 and detected using a filter-paper strip impregnated with lead acetate (Cui et al., 2007) . To test for growth on single carbon sources, fish peptone and sodium pyruvate were omitted from the NOM, and the compound to be tested was added at a concentration of 5 g l
. Antimicrobial susceptibilities were determined on NOM agar plates with antimicrobial compound discs.
The type strains Halobellus clavatus TNN18 T , Halosarcina pallida BZ256
T , Halogeometricum borinquense CGMCC 1.6168
T and Halogranum rubrum RO2-11 T were selected as reference strains for the analysis of polar lipid composition. Polar lipids were extracted using a chloroform/methanol system and analysed using one-and twodimensional TLC, as described previously (Cui et al., 2010b) . Merck silica gel 60 F 254 aluminium-backed thinlayer plates were used for TLC analyses. In two-dimensional TLC, the first solvent was chloroform/methanol/ water (65 : 25 : 4, by vol.) and the second solvent was chloroform/methanol/acetic acid/water (80 : 12 : 15 : 4, by vol.). The latter solvent mixture was also used in onedimensional TLC. Two specific detection spray reagents, phosphate stain reagent for phospholipids and a-naphthol stain for glycolipids, were used. The general detection reagent, sulfuric acid/ethanol (1 : 2, v/v), was also used to detect total polar lipids.
Genomic DNA from halophilic archaeal strains was prepared as described previously (Cui et al., 2011c) . The 16S rRNA genes were amplified, cloned and sequenced according to the protocol described previously (Cui et al., 2009) . PCR-mediated amplification and sequencing of the rpoB9 genes were carried out according to the method of Minegishi et al. (2010) . Multiple sequence alignments were performed using the CLUSTAL W program integrated in the MEGA 5 software (http://www.megasoftware.net/). Phylogenetic trees were reconstructed using neighbour-joining, maximum-parsimony and maximum-likelihood algorithms in the MEGA 5 software (Tamura et al., 2011) . Gene sequence similarity among halophilic archaea was calculated using the pairwise-distance computing function of MEGA 5. The DNA G+C content was determined from the midpoint value (T m ) of the thermal denaturation method (Marmur & Doty, 1962) at 260 nm with a DU800 spectrophotometer (Beckman-Coulter) equipped with a highperformance temperature controller. Halomicrobium mukohataei JCM 9738
T was selected as a reference strain for these analyses, and the formula G+C mol% unknown strain 5G+C mol% reference strain +2.086(T m unknown strain 2T m reference strain ) was used to calculate the DNA G+C content from the known T m value (Owen & Pitcher, 1985) . DNA-DNA hybridizations were performed in a DU800 spectrophotometer equipped with a high performance temperature controller and were carried out according to the thermal denaturation and renaturation method of De Ley et al. (1970) , as modified by Huß et al. (1983) . DNA-DNA hybridizations were carried out in 26SSC at 80 u C and each determination was carried out in triplicate.
Cells of strains YC20
T and XD15 were motile and pleomorphic when grown in NOM-3 liquid medium (Fig. S1 , available in IJSEM Online). They stained Gramnegative and their colonies were red-pigmented. Strain YC20
T was able to grow at 20-50 u C (optimum 37 u C), in the presence of 100-280 g NaCl l 21 (optimum 180 g NaCl l
21
), with 0.5-95 g MgCl 2 l 21 (optimum 4.8 g MgCl 2 l
) and at pH 6.0-9.0 (optimum pH 8.0), while strain XD15 was able to grow at 20-50 uC (optimum 37 u C), in the presence of 100-280 g NaCl l 21 (optimum 200 g NaCl l 21 ), with 2.9-95 g MgCl 2 l 21 (optimum 4.8 g MgCl 2 l
) and at pH 6.5-9.5 (optimum pH 7.0). The cells of both isolates lyse in distilled water and the minimum NaCl concentration that prevented cell lysis was 100 g l
. Both strains did not produce H 2 S from sodium thiosulfate, did not hydrolyse Tween 80, gelatin and casein and did not produce indole from tryptophan. The main phenotypic characteristics differentiating strains YC20
T and XD15 from the other members of the genus Halobellus are shown in Table 1 . More detailed results of phenotypic tests and nutritional features of strain YC20 T and strain XD15 are given in the species description.
The major polar lipids of the two strains are phosphatidylglycerol (PG), phosphatidylglycerol phosphate methyl ester (PGP-Me), phosphatidylglycerol sulfate (PGS), two major glycolipids (GL1, GL2) chromatographically identical to sulfated mannosyl glucosyl diether (S-DGD-1) and mannosyl glucosyl diether (DGD-1), respectively. Trace amounts of two unidentified glycolipids (GL0-1, GL0-2) were also detected (Fig S2) . The major polar lipid composition supports classification of YC20 T and strain XD15 as representatives of the genus Halobellus.
Sixteen complete 16S rRNA gene sequences of strain YC20 T and strain XD15 were obtained (1473 bp in length), and these indicated that each strain has one kind of 16S rRNA gene sequence. The sequences were 99.5 % similar to each other, and both strains were closely related to Halobellus limi TBN53 T (95.7 and 95.9 % sequence similarity, respectively), Halobellus clavatus TNN18 T (94.4 and 94.5 %, respectively) and Halobellus salinus CSW2.24.4
T (94 and 94.2 %, respectively). Phylogenetic tree reconstructions using the neighbour-joining algorithm revealed that strain YC20
T and strain XD15 clustered tightly with each other and with the current three members of the genus Halobellus (Fig. 1a) . Their phylogenetic position was also confirmed in other trees reconstructed using the Cell morphology Pleomorphic Pleomorphic Rod Rod Rod Optimum NaCl (M) 3.1 3.4 2.6 2.6-3.9 3.4 Mg 2+ required + + 2 2 + Optimum pH 8.0 7.0 7.0-7.5 7.0 7.0-7.5 Utilization of: On: Sun, 20 Jan 2019 00:48:20 maximum-parsimony and maximum-likelihood algorithms (data not shown).
The rpoB9 genes of strains YC20 T and XD15 were sequenced and found to be identical in length (1830 bp), and the nucleotide sequences were 98.2 % similar to each other and also closely similar to the corresponding genes of Halobellus limi TBN53 T (92.8 %, both), Halobellus clavatus TNN18 T (91.9 % and 92.3 %, respectively) and Halobellus salinus CSW2.24.4 T (89.7 % and 89.6 %, respectively). In phylogenetic tree reconstructions, strains YC20
T and XD15 clustered tightly with the members of the genus Halobellus and formed a monophyletic group separated from the related genera Halopelagius, Halosarcina and Haloferax (Fig. 1b) . The phylogenetic position was also confirmed in trees reconstructed using the maximum-parsimony and maximum-likelihood algorithms (data not shown). The rpoB9 gene-based phylogenetic analysis results supported the placement of strain YC20
T and strain XD15 in the genus Halobellus.
The DNA G+C contents of strains YC20
T and XD15 were 65.8 and 65.4 mol%, respectively. These values are lower than those of Halobellus limi TBN53 T (69.3 mol%) and Halobellus salinus CSW2.24.4 T (67.1 mol%) but higher than that of Halobellus clavatus TNN18 T (61.5 mol%). The DNA-DNA hybridization value between strain YC20 T and strain XD15 was 92 %, and these two strains showed low DNA-DNA relatedness with Halobellus limi TBN53 T (35 % and 38 % relatedness, respectively) and Halobellus clavatus TNN18 T (29 % and 31 % relatedness, respectively), Halobellus salinus CSW2.24.4
T (30 % and 26 % relatedness, respectively), lower than the accepted threshold value (70 %) to separate two species (Stackebrandt & Goebel, 1994) .
Based on these phenotypic, chemotaxonomic and phylogenetic properties, a novel species of the genus Halobellus is proposed to accommodate these two strains with the name Halobellus inordinatus sp. nov. Characteristics that distinguish strains YC20
T and XD15 from Halobellus clavatus T are shown in Table 1 .
Description of Halobellus inordinatus sp. nov.
Halobellus inordinatus (in.or.di.na9tus. L. masc. adj. inordinatus not arranged, irregular).
Cells are motile, pleomorphic under optimal growth conditions and stain Gram-negative. Colonies on agar plates containing 180 g NaCl l 21 are red, elevated and round. Chemo-organotrophic and aerobic. Growth occurs at 20-50 u C (optimum 37 u C), at 100-280 g NaCl l The main polar lipids are phosphatidylglycerol, phosphatidylglycerol phosphate methyl ester, phosphatidylglycerol sulfate and two major glycolipids chromatographically identical to sulfated mannosyl glucosyl diether and mannosyl glucosyl diether, respectively. Trace amounts of two unidentified glycolipids were also detected.
The type strain is YC20 T (5CGMCC 1.12120 T 5JCM 18361 T ) and strain XD15 (5CGMCC 1.122365JCM 18648) is an additional strain. The DNA G+C content of YC20 T is 65.8 mol% (T m ).
